Background: Pancreatic cancer represents an unsolved oncological problem: only 10%-20% of patients have resectable disease at diagnosis. We describe our adjuvant treatment approach and our results of subsequent multidisciplinary care of resected pancreatic cancer patients. 2 /day). Results: 16 patients completed programmed treatment; one patient suspended planned adjuvant treatment because of hematological toxicity grade 3. He was the only case of toxicity grade 3. At a median follow-up of 17.7 months, nine patients are still disease-free survivors. The 2-year survival was 30%. Discussion: Our experience in resected pancreatic cancer patients treated with a radiochemotherapy regimen highlights the survival and toxicity profile benefits associated with concomitant treatment.
Introduction
Pancreatic cancer represents a difficult and unsolved oncological problem. Most patients with pancreatic cancer present with advanced disease that is not eligible for curative resection; only 10%-20% of patients have resectable disease at diagnosis. The prognosis is poor, with a 5-year survival rate of 6%. 1 Even so, surgical resection, as a part of a multimodality treatment approach, remains the only potentially curative treatment strategy. The addition of nonsurgical treatment, such as adjuvant therapy, has been employed to achieve at least a modest improvement in survival. Despite multiple trials, the definitive role for adjuvant therapy has not been established, and it represents one of the most debated topics in oncology in the modern age. 2 While the role of adjuvant radiochemotherapy is still controversial, extensive evidence exists for the use of adjuvant chemotherapy. [3] [4] [5] [6] [7] [8] [9] This paper describes the adjuvant treatment approach in our department and the results of subsequent multidisciplinary care of resected pancreatic cancer patients.
Materials and methods
A total of 17 patients (five female, 12 male) with histologically confirmed resectable adenocarcinoma of the pancreas, treated between January 2007 and May 2012, were included in this study. Median patient age was 63.3 years (range 41-80 years). The clinical presentation resulted in jaundice in nine patients, pain in six patients, and weight loss in two patients. According to the American Joint Committee on Cancer, 10 tumor size, lymph nodes affected, metastases staging system 2010 for pancreatic cancer, ten patients showed pathological lymph nodes. All patients underwent surgery before radiochemotherapy: ten patients were pathologically staged as stage IIB, three patients as stage IIA and four patients as stage I. Only one patient had a positive margin. The characteristics of patients are listed in Table 1 .
All patients underwent radiochemotherapy. A computed tomography (CT) scan was performed with the patient supine in the treatment position: arms folded across the chest and legs restrained with ankle supports. Slices 5 mm thick were obtained from the level of thoracic vertebra 11 for appropriate margins on the celiac vessel, to the lower border of lumbar vertebra 3 to cover the kidneys. Midline and lateral tattoos were used with laser lights to align the patient and prevent lateral rotation. CT data were transferred to the Treatment Planning Software (Pinnacle ® ; Philips Radiation Oncology Systems, Fitchburg, WI, USA) to ascertain target volume definition and dose solutions. The planning target volume 1 (PTV1) included tumor bed and regional node (pancreaticoduodenal, porta hepatic, celiac, and suprapancreatic lymph nodes; superior mesenteric lymph nodes were included in head of pancreas lesions; splenic hilum nodes were included with pancreatic body or tail lesions). The planning target volume 2 (PTV2) included tumor bed with a 1.5 cm, three-dimensional margin, including any areas of positive margin. Patients were set up for radiotherapy daily. Portal images were taken weekly and compared with DRRs (Digital Reconstructed Radiographs) from the planning CT scan.
Radiation therapy was delivered with a three-dimensionalconformational multiple field technique at a dose of 45 Gy (in 25 daily fractions of 1.8 Gy given in 5 weeks) to the PTV1, plus a 5.4-9.0 Gy (in 3-5 daily fractions of 1.8 Gy) to the field boost -PTV2 -with 6-15 MV energy photons.
Patients underwent the insertion of a central venous access catheter (port-a-cath) for chemotherapy delivery. Chemotherapy treatment was left to the oncologist's discretion and consisted of gemcitabine 200 mg/m 2 by bolus intravenous injection on the first day of each week of radiotherapy or fluorouracil (5-FU) 200 mg/m 2 five daily continuous infusions. Gemcitabine was administered in ten patients and 5-FU in seven patients. In all patients, dexamethasone (8 mg) and ondansetron (8 mg) were administered before the adjuvant treatment. Figure 1 shows the adjuvant treatment protocol.
After adjuvant treatment, all patients underwent careful physical examination and total body CT scan at 2-month intervals to evaluate for disease recurrence/progression. Overall survival and disease-free survival were considered in months from the end of the adjuvant treatment.
Results
All patients received concomitant radiochemotherapy: 16 patients completed programmed treatment, and one patient suspended definitively planned adjuvant concomitant treatment because of hematological toxicity grade 3 after 16 days. The patient started health care.
Toxicity was evaluated according to National Cancer Institute -Common Terminology Criteria, version 3.0.
11
Excluding the previous patient for whom health care was activated, there was no hematological toxicity; gastrointestinal toxicity adverse events were #grade 2 and they were registered in five patients only.
No patients were lost to follow-up. At an average followup of 17.7 months and a median survival of 13 months Abbreviations: %, percent of total patients in the study; n, number of patients; rT, radiation therapy. (range 1-56), nine patients are still disease-free survivors; one patient is still alive, but he presented liver metastases 17 months after the end of adjuvant treatment. The 2-year survival was 30%. In the full analysis of the population, five patients developed distant metastases and three patients showed local progression. All the long-term survivors were negative-node at diagnosis. In a subgroup analysis, no differences in terms of toxicity were detected between gemcitabine and 5-FU chemotherapy. Moreover, the gemcitabine regimen provided the same local control with no difference in overall survival compared to 5-FU radiochemotherapy.
Discussion
Over the years, chemotherapy and radiotherapy have emerged as valuable adjuncts to the management of several cancers. For breast cancer, glioblastoma multiforme, and colorectal cancer, randomized controlled trials have proven the survival benefits in resectable cases, therefore standard adjuvant therapy is universally accepted. [12] [13] [14] For head and neck cancer and gastric cancer, adjuvant radiochemotherapy is considered a standard treatment in patients with resectable and advanced disease, despite the clash of opinions regarding which drugs could be associated with radiation therapy. 15, 16 For resectable pancreatic cancer, however, no globally accepted standard adjuvant therapy has yet been established. 3 Few controversies are associated with adjuvant therapy for pancreatic cancer. Primarily, it is difficult to detect pancreatic cancer at the resectable stage, and consequently, the small number of cases makes it difficult to conduct a randomized controlled trial. Moreover, the management of resected pancreatic cancer remains to be clarified because there is no global consensus between Europe and the US regarding adjuvant treatment, even though the significant rates of local and distant recurrence imply that radiochemotherapy should be most appropriate. In Europe, it is common practice for patients to receive adjuvant chemotherapy, while most US physicians support the validity of adjuvant radiochemotherapy. 2, 3 There are several randomized controlled trials that support the use of adjuvant chemotherapy in resected pancreatic cancer: the European Study Group for Pancreatic Cancer (ESPAC)-1 trial, 4 the ESPAC-3 trial, 5 and the Charité Onkologie Clinical Studies in GI Cancer-001study. 6 These trials demonstrated a survival benefit for adjuvant chemotherapy 4, 5 and a more tolerable toxicity profile with gemcitabine. 6 The role of adjuvant radiochemotherapy has been investigated with as much interest in the US (Gastrointestinal Tumor Study Group trial and Radiation Therapy Oncology Group 97-04 trial) and in Europe (European Organisation for Research and Treatment of Cancer trial and ESPAC-1 trial). 4, [7] [8] [9] However, it remains controversial because every one of the randomized trials had many criticisms, such as potential bias, suboptimal radiation dose, slow accrual, and confusing study design. The Radiation Therapy Oncology Group 97-04 trial did not test the question of radiochemotherapy versus chemotherapy, such as the Charité Onkologie Clinical Studies in GI Cancer-001 trial; the European Organisation for Research and Treatment of Cancer trial was criticized because it was statistically underpowered; the ESPAC-1 trial was criticized because of the nihilistic conclusion that chemoradiotherapy had no role in the adjuvant therapy of resected pancreatic cancer. 17 Even so, adjuvant radiochemotherapy has been accepted as appropriate adjuvant therapy in the US, since the Gastrointestinal Tumor Study Group study suggested a beneficial role for combined radiochemotherapy, despite the relatively small number of patients enrolled (43 patients) and the low radiation total dose delivered (40 Gy). 4 Additional evidence for the benefit of adjuvant radiochemotherapy for resected pancreatic cancer has been provided in reports of single-institution experiences. [18] [19] [20] [21] The Johns Hopkins-Mayo Clinic collaborative study, 18 the largest of these series, showed an improvement in median survival (20 months versus 14 months) and a better 2-year overall survival in patients who received adjuvant radiochemotherapy compared to patients who were not treated (45% versus 31%, respectively). Like the previous study, the Mayo Clinic experience demonstrated that overall survival is better in patients who received adjuvant radiochemotherapy, 19 and analysis of the Surveillance, Epidemiology, and End Results registry data demonstrated that adjuvant radiotherapy is associated with improved survival. 20, 21 Our retrospective data are concordant with these prior reports: compared to data in the literature, we revealed a survival benefit for adjuvant radiochemotherapy, and according to Yovino et al, 22 the predominant failure pattern was distant metastases. Moreover, the ascertainment of a higher survival in patients with negative nodes at diagnosis confirmed that in order to increase survival, it is essential to detect pancreatic carcinoma at an early stage. Because combined adjuvant therapy is criticized as an inducer of intense, acute toxicity, 3 it is important that radiation oncologists understand the postsurgical anatomy after pancreaticoduodenectomy to establish the effective treatment volume, while limiting dose exposure to normal tissue. In terms of toxicity, our protocol was well-tolerated, with only one case of hematological toxicity grade 3. The limitation of our trial is its small number of patients, which does not allow for the solid comparison between sex and the two different chemotherapeutic regimens 
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De Felice et al adopted (gemcitabine versus 5-FU). A key observation was that compliance to concomitant treatment was high and successful disease control was achieved. In comparison with other single-institution experiences, [18] [19] [20] [21] a similar survival and a better toxicity profile were observed. It is necessary to increase the sample size to a larger cohort of patients to confirm that high dose of radiation therapy and a relatively low dose of chemotherapy could be essential for survival and toxicity profile benefits. Apart from personalized adjuvant therapy, 23, 24 it would seem unreasonable to improve survival by giving up radiochemotherapy, because, despite the small cohort, our results confirm that concomitant treatment shows substantial local control. Distant metastasis remains a significant clinical problem.
Briefly, pancreatic cancer is still one of the most aggressive cancers. The addition of adjuvant radiotherapy and/or chemotherapy has realized a modest improvement in survival. Despite the well-supported role of chemotherapy, the role of radiation therapy continues to be investigated. Our experience with resected pancreatic cancer patients treated with a radiochemotherapy regimen highlights the survival and toxicity profile benefits associated with concomitant treatment.
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